General Information:
NMR spectra were recorded either on a Bruker 400/500 MHz. All 1 H NMR spectra were reported in units of parts per million (ppm) and measured relative to the signals for residual chloroform (7.26 ppm) in CDCl 3 / and for residual CH 3 CN in CD 3 CN at 1.96 ppm, unless otherwise stated. All 13 C NMR spectra were reported in ppm relative to CDCl 3 (77.23 ppm), unless otherwise stated and were obtained with 1 ketone were bought from alfa aeser. Single crystal of complex 1 was diffracted in Rigaku X-ray single crystal diffractometer. All GCMS analysis were carried out by Agilent 7890A GC system connected with 5975C inert XL EI/CI MSD (with triple axis detector). The electrochemical experiment was done out under a dinitrogen atmosphere at 298 K. The half-wave potential E 0 was set equal to 0.5 (E p,a + E pc ), where E p,a and E p,c are anodic and cathodic cyclic voltammetry peak potentials, respectively. The supporting electrolyte was Et 4 NClO 4 , and the complex concentration was in order of ∼10 −3 M. All the kinetics data are carried out both under N 2 and air. Air has no effect on the kinetics of the reaction. Kinetics isotope effect was studied in air.
Second order rate constant remain same for substrates both in air and N 2 atmosphere. First order rate constant (k 1 ) were calculated based on non-linear exponential fit in OriginPro8 software.
Computational Details:
Full geometry optimization was performed by using the density functional theory method at (U)B3LYP levels for 2. 1 Except iron all other elements were assigned the 6-31G* basis set. The LANL2DZ basis set with effective core potential was employed for the iron atom. 2 The vibrational frequency calculation was done to ensure that the optimized geometries represent the local minima and there are only positive eigen values. All calculations were performed with Gaussian 09 program package. 3 Optimized structure was visualized with ChemCraft. 4
Synthesis of ligand:
2. 
ESI-MS spectra for species detected during reaction between 2 and ethyl benzene (S10)
and cumene (S11)
After synthesizing complex 2 as described in section 4 250-500 equiv. of H 2 18 O was added to the solution of 2 and stirred for 5-10 minutes (under nitrogen atmosphere). The resulting solution was kept at -40 ˚C inside the glove box for 1 hour and then it was kept at room temperature.
Then ESI-MS was recorded and found that complex 2 got 18-O labeled. Subsequently 100 equiv.
of substrates were added to the labeled 2 and ESI-MS were recorded after 5-10 minutes stirring of the reaction. The 
NMR Data and Spectrum of Complex 2:
Figure S16. 1 H NMR spectrum for complex 2 in CD 3 CN prepared by adding PhIO
EPR data from the reaction mixture of 2 and benzyl alcohol:
All spectra were recorded at liquid nitrogen temperature (77 K). Samples were prepared as described in section 4. Different substrates (100 equiv.) were added to the clear and transparent solution of 2 at room temperature and subsequently EPR spectra were recorded after 5 minutes.
Figure S17
Figure S18. EPR spectra (acetonitrile, 77 K) obtained from reaction between 2 and (a) ethyl benzene (b) cumene
Kinetics study with benzylic substrates: Ethyl benzene and Cumene
Initially, 15 mg of the red-solid complex was dissolved in 10 mL of acetonitrile in a 20 mL glass vial. 5 equiv. of solid PhIO 8 was added to it and stirred (5-10 min) until the green color appeared and then another 30 mL of acetonitrile was added to it. 7, 9 The resulting solution was kept overnight in deep freeze at -40 °C in order to get a clear/transparent solution (excess PhIO gets precipitated at the bottom of the vial). After that, 0.5 mL (0.52 mM) of clear solution of 2 was taken in 1 mL UV cuvette and subsequently different conc. of the substrates were added and kinetics was followed by UV-vis study.
Kinetics study with ethyl benzene as substrate:
Conc 
Kinetic Isotope effect study for benzyl alcohol oxidation:
PhCD 2 OH was prepared following the literature report from PhCH 2 OH in D 2 O under microwave condition. [10] The resulting reaction mixture was extracted with DCM (2x10 mL) and
subsequently it was purified by column chromatography. Approximately (~95%) deuterium rich PhCD 2 OH was obtained as evident from the NMR study. The resulting product was also characterized by GC-MS. After that kinetic studies were performed with this PhCD 2 OH. Initially Then, 50 equiv. of substrates were added and the reaction mixture was stirred for 24 h. Notably, in case of cyclohexane, 500 equivalents of starting material were used. Yields of the hydroxylated products were measured by using standard product as standard. Similarly, after preparation of 2, 250 equiv. of H 2 18 O was added to it and stirred for 5 minutes. It was kept at -40 °C in deep freeze for 2 hour and subsequently 50-100 equivalent of substrates were added.
The reactions were carried out inside the glove box for 24 hour stirring. 
